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Abstract 
The aim of this study was to compare different methods for assessing the bow movement in the aiming phase of Olympic 
archery. Therefore an optoelectronic system (NOP), a 3D- (V3D), and a 2D-video based system (V2D) were used to 
simultaneously measure the bow movement in 12 shots of three archers. The results showed intraindividual good agreement in 
the vertical component of the aiming trajectory between NOP and V3D (resp. V2D), and in horizontal component between NOP 
and V3D, whereas there is less agreement between NOP (resp. V3D) and V2D, thus indicating specificity in the method used.  
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1. Introduction 
High performance in Olympic archery can be defined as the ability to shoot an arrow at a given target with high 
accuracy [1, 2]. Taking the large number of shots undertaken in one competition into account, the shooting 
movement of the archer is required to be highly reproducible. The movement itself is described as containing three 
phases: the stance, the arming, and the sighting [1, 3]. Alternatively, Nishizono et al. [4] suggest dividing the shot 
into six stages: bow hold, drawing, full draw, aiming, release, and follow-through. After reaching the full draw 
position, the archer has to cope with different tasks simultaneously: the aiming (or “sighting”), a push-pull control 
by the bow and draw arm (“final pull”) followed by the release [1, 2]. Previous studies analyzed the aiming patterns 
of highly skilled archers and observed different strategies [5, 6, 7]. Results showed higher displacements of the 
aiming trajectory in the horizontal direction compared to the vertical direction. Moreover, intraindividual smaller 
deviations of the aiming trajectory within the last second before the release of the shot are more likely to result in a 
higher score compared to larger deviations. Consequently, the aiming analysis would be a valuable method for 
individual performance evaluation in archery. From a technical point of view, different approaches exist for the 
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measurement of the bow movement, which are different with respect to their practical applicability and interference 
with the shooting process.    
Therefore the aim of this study is to compare three methods for measuring the movement of the bow in the 
aiming phase of Olympic archery. 
2. Methods 
2.1. Data collection and processing 
Three highly-skilled female archers (German national team; “B-Kader”) shot 12 arrows each at a distance of 
30 m indoors at the official FITA target face (diameter 60 cm; diameter of the “Ten”: 6 cm). For each shot the score 
was registered. During the shooting the movement of the bow was measured simultaneously, by using an 
optoelectronic system (NOP) and two video-based systems (V3D; V2D): 
NOP: An optoelectronic device (modified NOPTEL-ST-2000, Noptel Oy, Finland; approx. weight: 160 g) is 
fixed to the bow at the position of the lower stabilizer (see Fig. 1a). It consists of an infrared transmitter and receiver 
and a visible laser. An infrared beam is sent out by the transmitter and is reflected by one or more prisms fixed 
around the target and so the alignment of the bow can be detected through the receiver unit. Since the infrared beam 
is not directed towards the centre of the target face, its projection point has first to be determined by the use of the 
visible laser that indicates the location for the prism to be placed. The instant of the release of the shot is detected by 
the device through the vibrations caused at the bow with a delay of 15 ms. During shooting, the device is connected 
to the PC serial port (RS232) and the on-target trajectory (see Fig. 1b) is displayed in the respective software 
application (Noptel Optical Shooting). Position data of the aiming trajectory (x/y coordinates) are sampled at a rate 
of 66.6 Hz in the 4 s time interval before the release of the shot. The system was used previously for the aiming 
analysis in archery in the training situation [5, 6, 7]. 
 

 
Fig. 1. (a) NOPTEL System fixed to the bow at the position of the lower stabilizer; (b) Dimensions of the on-target trajectory of one shot: 0: time 
of the release; 1: 1 s before the release; SDX: standard deviation within the last second in horizontal direction; SDY: standard deviation within 
the last second in vertical direction 
V3D: For the three-dimensional kinematic analysis of the bow movement two 3-CCD DV cameras (Sony FX1) 
were used. The first camera was placed diagonally behind the archer and the second one at an angle of approx. 90° 
laterally, both at a distance between 5-6 m to the capture volume. Since the detectable bow movements in the aiming 
phase are very small, the full optical zoom (20x) of the cameras was used. Four passive reflective ball markers 
(diameter 3 mm) were attached to wooden sticks and fixed to the sight bar (see Fig. 2). Prior to shooting, a special 
calibration frame with 18 passive reflective markers (dimensions 250 x 142 x 114 mm) is placed in the centre of the 
capture volume and recorded by both cameras. The shooting is recorded by the cameras with 25 fps (full frames) 
and a resolution of 720x576 pixels and a photo flash was used for synchronization purposes. After capturing the 
videos, the movement of the markers is tracked in the half frames (50 Hz) using SIMI-Motion 3D (v7.5; SIMI, 
50 mm1 
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SDX 
3090 N. Ganter et al. / Procedia Engineering 2 (2010) 3089–3094
 N. Ganter et al. / Procedia Engineering 00 (2010) 000–000 3 
Germany) within the 2 s time interval before the release of the shot, which is detectable through a sudden blurring in 
the video. The 3D coordinates of the markers are then obtained by using a DLT algorithm. Accuracy of the method 
was estimated by calculating the spatial distances between the four markers, which indicated maximum variation in 
length of 0.5 mm (mean 0.26 mm) resp. 0.5% (mean 0.29%).  
In order to obtain a two-dimensional aiming trajectory for the V3D method, first, two virtual markers V12 (as the 
center of markers 1 and 2; see Fig. 2) and V34 (as the center of the markers 3 and 4; see Fig. 2) were constructed 
and, second, the two-dimensional projection of a line going through V12 and V34 onto a virtual plane at the 
shooting distance of 30 m was calculated. 
 
 
Fig. 2. Images of camera 1 (left) and camera 2 (right) used for the V3D-method: markers (1-4) attached to the sight bar are used to track the 
movement of the bow 
V2D: The V2D method is based on the video information obtained from camera 1 placed diagonally behind the 
archer. Therefore, the two-dimensional path of the sight is tracked in the video frames (full frames; 25 fps) within 
the 2 s time interval before the release of the shot using image template matching algorithms in LabVIEW (National 
Instruments, USA; see Fig. 3). Real dimensions of the 2D trajectory are obtained by recording a calibration grid. In 
order to make the dimensions of the 2D trajectory comparable to the other systems, the values were multiplied by 
factor 30 according to the intercept theorems to project them at the target face. 
The system was originally developed by Baca et al. [8] for biathlon shooting and modified from Edelmann-
Nusser et al. [9] for archery and already used for aiming analysis in the competition situation [9, 10]. 
 
 
Fig. 3. Tracking the aiming trajectory of the sight with the V2D-method by using image template matching algorithms in LabVIEW 
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2.2. Data analysis 
The following parameters of the aiming trajectory within the last second before the release of the shot were 
calculated for each shot and compared between the three systems: SDX (standard deviation of the horizontal 
component of the aiming trajectory) and SDY (standard deviation of the vertical component of the aiming trajectory; 
see Fig. 1b). Then, for each archer pairwise product moment correlation (Pearson) was computed for SDX and SDY. 
Additionally, pairwise correlations were calculated for the time series of x and y-coordinates within the last second. 
3. Results 
With respect to the deviation of the aiming trajectory within the last second, the results are presented in Fig. 4: A 
similar magnitude of SDX and SDY for archer A1 is shown for both, NOP and V3D, but not for V2D 
(SDX > SDY). For archer A2, the V2D results are showing the trend of a higher SDX, which is not observable for 
NOP and V3D. The highest interindividual deviations of archer A3 are consistent with each system, as well as the 
tendency of a higher SDX. 
 
Fig. 4. Magnitudes of horizontal (SDX) and vertical deviations (SDY) of the aiming trajectory within the last second of the shot for each archer 
(A1, A2, A3) and system (NOP, V3D, V2D); n = 12 shots 
The observed correlations for the deviations in the last second range from moderate (1 archer) to high (2 archers) 
for SDX and from moderate (2 archers) to high (1 archer) for SDY, when comparing NOP and V3D (see Table 1). 
Moderate (1 archer) to high (2 archers) correlations can only be observed for the vertical component SDY, by 
comparing NOP and V2D, as well as V3D and V2D. Here, the horizontal component SDX shows no or only weak 
correlation. 
Table 1. Pairwise correlation coefficients (Pearson’s product moment correlation) of SDX and SDY for each archer (A1, A2, A3); significant 
correlations are marked: * (p<0.05); ** (p<0.01); n: number of shots; Score: mean score of the 12 shots 
    NOP vs. V3D NOP vs. V2D V3D vs. V2D 
Archer n Score  SDX SDY SDX SDY SDX SDY 
A1 12 9.33  0.80** 0.60* -0.23 0.69* 0.19 0.18 
A2 12 9.5  0.51 0.91** 0.25 0.97** 0.29 0.94** 
A3 12 9.17  0.92** 0.69* -0.31 0.89** -0.14 0.54 
 
Similar observations can be made, when taking the time series of the horizontal (x) and vertical component (y) of 
the aiming trajectory into account: Most of the shots give high correlations when comparing NOP vs. V3D (see 
Fig. 5). This is also the case for the vertical component between NOP and V2D, respectively V3D and V2D, except 
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for archer A3, which shows high variation. For the horizontal component, only the correlations for archers A1 and 
A2 lie in the moderate range (NOP vs. V2D), whereas for archer A3 a high variation can be observed. 
 
 
Fig. 5. Boxplots of the intraindividual correlation coefficients for the time series x and y of the aiming trajectory within the last second of the shot 
(n = 12 shots for each archer A1, A2, A3) 
4. Discussion 
The results of the comparison study of different systems for measuring the bow movement in the aiming phase 
show that good agreement exists between the on-target aiming trajectories obtained with the optoelectronic device 
(NOP) and with the 3D kinematic analysis (V3D). High similarity to the other systems is also observable when 
taking the vertical movements obtained by the 2D video system (V2D) into account. On the other hand less 
agreement exists for the horizontal movements obtained with the V2D system. 
The NOP system has been used previously to investigate aiming strategies of high-level archers in the training 
situation and correlations to shooting performance (score) were observed [5, 6, 7]. Consequently, the system is 
regularly used for individual performance evaluation in the training process. But to overcome some of the 
drawbacks of the system, that is, the additional weight added to the bow and the impossibility of using it during 
competition, video based systems seem to be necessary. It can be shown that the used V3D approach is suitable for 
such a purpose. In addition to the on-target aiming trajectory obtained by the NOP system, also information 
regarding the translational and rotational movements of the bow during the aiming phase can be gathered, for a 
better understanding of the aiming process of the archer. However, preparation of the system and analysis of the data 
is very time consuming, so that no immediate feedback can be given to the archer. Moreover, using the system 
during competition is also not possible. For this purpose a two-dimensional video system was developed [8, 9] that 
can be used also during competition [9, 10]. As the results show, it provides reliable qualitative and quantitative 
information regarding the vertical movements in the aiming phase. With respect to the horizontal component of the 
movement, however, there seems to be less agreement compared to the on-target trajectory. The reason for this can 
be seen in the missing spatial component of the two-dimensional video information. So if, depending on the 
individual aiming strategy, a high rotational component in the movement around the sight exists, then the 
translational movement obtainable in the video does not adequately reflect the on-target aiming trajectory. In fact, 
the archer (A3) that showed the weakest correlations for the horizontal movements can be identified as having the 
largest rotational movement in the frontal plane by using the three-dimensional kinematic data. Similar results are 
presented by Heller et al. [11] who investigated the 2D movement of the muzzle in biathlon shooting and also 
observed good agreement in the vertical component compared to the on-target trajectories and less agreement in the 
horizontal component that may be attributable to rotational movements. 
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5. Conclusion 
Analyzing the aiming process associated with archery shooting is an established procedure for individual 
performance evaluation. Each of the investigated systems can be used to gather information regarding the aiming 
strategy used by high-level athletes. While the optoelectronic and 3D video based system are suitable in the training 
situation other approaches like the 2D video based system are necessary to enable competition analysis. When using 
a 2D system, some limitations for inferring the on-target trajectories need to be considered. Future studies need to 
further analyze the external validity of video based approaches for aiming analysis and the factors that are associated 
with successful aiming strategies in archery. 
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